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DESIGN EXPO 2012

* Dilatancy and its potential impact on
driven pile capacity

* Duval County — Relaxation factors up to 0.8
(BOR/EOD = 0.8)

* The use of CPT-U for preliminary
investigations

* Punching shear analysis for driven pile
foundations

 Pile groups on thin bearing layers
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DILATANCY

* Focus on granular soil

*Dilation is the observed tendency of dense
granular material to dilate (expand in
volume) as it is sheared.

*|n densely packed arrangements
interlocking prevents the grains from
moving around each other and they are
forced to either shear or “roll” over each
other.
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DILATANCY

* As suggested by Schofield (2000) dilatancy
may have been recognized as being part of
the shearing mechanism of granular
materials as far back as 1726 by Couplet

*“It is a remarkable fact that a dense sand,
when compressed in one direction actually
increases in volume.” (Lambe and
Whitman 1969)
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DILATANCY

*Coulomb’s
description of shear
strength does not
explicitly state the
influence of dilation

T1=Cc +0 tan ¢’
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DILATANCY

*Taylor (1948)
proposed that there
was a relationship
between peak shear
strength and dilation,
and added an
“interlocking” force
to the frictional force

*TOX=GOY+UGOX

Donald W. Taylor
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DILATANCY

*“The angle of internal
friction, in spite of its
name, does not
depend solely on
internal friction, since
a portion of the
shearing stress on a
plane of failure is
utilized in overcoming
interlocking.”

Donald W. Taylor

Fundamentals of Soil Mechanics, 1948
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DILATANCY

ub” * \|]

Strain

2012 tan (I)’p = tan((l)’cv + \V) (General fOf'm)
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DILATANCY

* Dense sands tend A
to dilate p

* Initial compression
followed by an
expansion in

- A
volume /— !
. Dilation
* Denser samples Compression 'y
dilate faster
£

* When the test is '
performed under
large pressure ¢’
approaches ¢’

After Houlsby
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DILATANCY

N e

tan ¢’ is the ratio of shear stress to normal stress




DILATANCY

4 TAN

Mohr’s Circle for Strain Rate

tan y is the ratio between a volumetric strain rate and a shear strain
rate
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DILATANCY

* Saw tooth blocks ,
model 1ﬂ n
* Friction ¢’ .I_

between blocks /(
M “’

Flow rule ’C/G'n = tan (I)' = tan((l)’cv + \|!)
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DILATANCY

* Other models
* Taylor

e Schofield and
Wroth

* Rowe

e Bolton

Rowe’s model for a stress-
dilatancy flow rule
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DILATANCY

*Bolton

* Empirical stress-
dilatancy flow rule
based on direct
shear tests

(I)’p = (I)’cv + O'8\|jmax

R.elatlonshlp be'.cw.een 25_5 5 5 10y 15
dilatancy and friction

After Houlsby
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DILATANCY

*Bolton

e For Plane Strain

(I)’p = (I)’cv + 0'8\|]max =5 IR

* Relative dilatancy index I,

=1, (10-logp’) -1
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* The angle of
dilation tends to
increase with
density, that
process is highly
dependent on
soil mineralogy

DILATANCY

Dilatancy-density relationship
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DILATANCY

* Samples dilate until
they reach a
constant volume

TOTAL )
SCATTER

void ratio oot
regardless of their e e
I.B,jsq.lu.

initial density s

w
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o6l

@ ~~—_TEST NUMBERS

060

O-59 . x
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DILATANCY

* The largest rate of
dilation tan y
coincides with :
) =
(I) peak*
* dilation rate
approaches zero as '
, ) L e
¢’ approaches ¢’ ¥ e -
§ o i
R Tl
* (c)
Simoni & Houlsby g - T
EE o 3::::",++r*w+'* T .
) 2 ' IBaihoar :hpla;:menl 1-2:: I,'nr:; - : N
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DILATANCY

* On the Critical
State Line (CSL) v}
the rate of
dilation is zero

* Dilation will
only occur a
certain
“distance” from
the CSL in terms
of stress/strain

S
5
=
hu‘\
N’
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DILATANCY

Deviator Stress, kN/m?,
Loose sand

Change in Pore
Pressure, kN/m?,
Loose sand

* Dilatant soil is
1500
capable of 75 120 — ﬂl L
generating large - - eg?:?zsj_
. S48
negative pore S oo /:__J_ (mfgasu_fm o
3E
water pressures, 2 30 ga/_’ = 75
haVIng an uﬂ' 5 10 16 20 25 &ll] 35
overall effect of el e b
L2285 o :_‘:=l - -
a temporary ; g"§ g i P
increase in g%g‘:w mﬁ,)‘"*;:.'_:;jj
effective stress e b e o a
Axial Strain, %
’ - -
Oy=07 U After Leonards
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DILATANCY

* At rest =
’ — _ 3% 1200} ~—f g -~ -==¥
O yt=0~ O Uo £ j/& gy
.6§ 500 7 eol— : iﬂ__
o Loose
. . . 2 W B = 085~ {-——{150
* During dilation &5 //,»J-(-‘L i

’

30‘0% < S 75
G’y t=1 = 07— (-Uy) i *
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* After time “t SR |

. . 5 10 I O & N B
U, will revert to T

Deviator Stress, kN/m?,
Loose sand

Change in Pore
Pressure, kN/m?,
Loose sand

U
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DILATANCY

* Seismic piezocone
soundings in piedmont
soils (ML and SM)
indicate negative pore
pressure generated from
dilation is not a
permanent condition,
and “U” will return to a
hydrostatic stress level
after a period of time

up (kPa)
-100 200 500
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DILATANCY

* Mayne’s model

for the CPTU I

: | Shear-induced
combines / A (C5SM)
cylindrical Elastic region
expansion , ,_ ::o?:egu::, -
theory with =

Critical State

Octahedral- stress
Soil Mechanics

Au (SCE)
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DILATANCY

* Pile driving densifies
the material and
dilation is possible near
the pile-soil interface

Zone of densification for granular soils
due to pile driving. Broms, 1966
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DILATANCY

* Randolph proposes
the soil
immediately
beneath the pile
tip has been
sheared to its
critical state L] fl Il

Pile

therefore ¢’ goes z z
to ¢’,, and "
o= (45 + (I),CV/Z) Piim

After Randolph
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DILATANCY

* Sands have been No
found to begin Crushing  dilation
crushing at — = //
pressures ranging I J
from0.15100.58 | o o N, mrbmeks |
ksi (Bolton). : : o

* The Triaxial data : ™ ' Rt
collected indicates i .
zero dilation for o ' .
the materials - ue ol
tested at L
approximately 1.45 Triaxial data of Lee & Seed
ksi (10,000 kN/m?)
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DILATANCY

*Tip stresses from two different piles in sands

..1

0.00 m=

0001,
0~ 1a
1 -1

0.00 m=

Tip stresses from PDA (CSB) > 1.45 ksi >> 0.58 ksi

Possible soil crushing and zero dilation at the soil-pile tip interface
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DILATANCY

Tip stress (CSB) = 1.7 ksi on average

SaozL=z EOom

20

25

Rk [kips) L5 [ksi] TSH [ksi)
Max Casze Method Capacity Max Measured Compr. Stress Tension Stress M aximurm
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tiax Case Method Capacity [JC=0.7] Compression Stress at Bottom bt ax Transfened Energy




DILATANCY

* A certain distance
away from the pile tip
and along the side, ¢
reaches a maximum
value, dilation occurs
and negative pore
pressures may develop

Pile

cibi il

i 43
Rigid
s0il
e Zone of Critical State
where crushing occurs,

friction=¢’,, and y =0
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DILATANCY
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DILATANCY
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PIEZOCONE

*CPT-U
performed at
bridges where
soil relaxation
was
encountered
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PIEZOCO

il

Tip Resistance Local Friction Friction Ratio Soil Behavior Type* SPT N*
Qe TSF FsTSF Fs/Qo (%) Zone: UBC-1083 80% Hammer
400 4 o 4 ] 1 70
~=====ugy
pooooen 3
/ I Y {
f / | 2
| | '} H |
| | H | 4
\ \ { b
e - - i\ -

1 sensitive fine grained |
M2 organic material
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silty clay to clay
B 5 clayey silt to silty clay
K clay B 6 sandy silt to clayey silt

M 7 silty sand to sandy silt
5 sand to silty sand
9 sand

M 10 gravelly sand to sand
M 11 very stiff fine grained (*)
M 12 sand to clayey sand (%)

1 sensitive fine grained

Wz

| E

orgenic material
clay

Maximum Depth = 41.24 feet Depth Increment = 0.164 feet

M sitty clay to clay B 7 silty sand to sandy sik M 10 gravelly sand to sand
W5 clayey silt to silty clay 2 sand to silty sand W 11 wery stiff fine grained (%)
W5 sandy silt 1o clayey silt Ne sand M 12 sand to clayey sand ()



PIEZOCONE

Safety Hammer

BORING No: BE-2
STATION: 2400+72
CFFSET: 56°.LT,
ELEVATION: +35.2°
. . . " +35
DARK BROWN FINE SAND WITH TRACE SILT -
AND FEW ORGANICS (SP) 3
1 +30
la2s
—+20
= N BROWN FINE SAND WITH TRACE SILT (SP) 3
¥ T ==—PW pressure 415
- . "
"_E‘ 35 —Static PW 3
= -4 +10
o b
o b
a] = +5
LIGHT GRAY TO LIGHT BROWN FINE
SAND (5P) =
,E_5
GRAY TO LIGHT GRAY SILTY FINE SAND (SM) =
GRAY TO LIGHT GRAY FINE SAND (SF) =0
=j-15
0 5 10 f 20
Porewater Pressure (psi) GRAY FINE SAND WITH SHELL (SP-SM) E
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PIEZOCONE

Soil Behavior Type®
Zone: UBC-1983
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Depth Increment

Maximum Depth = 55.12 feet

W10 gravell sand to sand
M 11 very siiff fine grained (*)

M 7 silty sand to sandy silt

silty clay to clay

| K3

1 sensiive fina grained

[_H
K]

M 12 sando clayey sand (')

sand o silty sand
sand

]

Ha

M5 clayey silt o silly clay
W 6 sandy silt to clayy silt

organic material
clay

——PW pressure
—Static PW

Porewater Pressure (psi)
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Depth (feet)

45 —
50 ?
55
60
-15 -10 -5 0 5 10 15 20 25|

Porewater Pressure (psi)
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=P pressure
—Static PW

Normalized Pore Pressure (psi)
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PIEZOCONE

Dissipation Tests
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PIEZOCONE
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PIEZOCONE

ELEVATION (feet)

+20

+10

—20

—60

BORING No.
STATION:
OFFSET:
ELEVATICN:

BB—5
253414
50" LT.
+18.0°

DARK GRAY TO DARK BROWN FINE
SAND WITH SILT (SP—SM)

GRAY FINE SAND WITH SILT (SF—SM)

LIGHT GRAY CLAYEY FINE SANMD (SC)

LIGHT GRAY TO GREEMISH—GRAY FINE
SAND (SF)

; Coox
LIGHT GREEMISH—GRAY SILTY FINE
SAND (SM)

LIGHT GRAY TO GREEMISH—GRAY FINE
SAND WITH SILT (SP—5SM)

LIGHT GRAY SILTY TO CLAYEY FINE
SAND WITH PHOSPHATES (SC)(MARL)

LIGHT GRAY TO GREENISH-GRAY SILTY
FINE SAND WITH PHOSPHATES
(SM)(MARL)

BORING TERM. @ 100’
3" DIA. CASING TO 80°
BORING DRILLED 7—15-10

BB—-6
253414

LIGHT GRAYISH—BROWN FINE SAND
WITH ROOTS (SP)

BROWN TO DARK BROWN FINE SAND
WITH SILT (SF—5SM)

LIGHT GREEMISH—GRAY FINE SAND
WITH SILT (SP—3SM)

GREENISH-GRAY FINE SAND
WITH SILT (SP—SM)

LIGHT GRAY TO GREENISH—GRAY FINE
SAND WITH SILT (SP—SM)

LIGHT GREEMISH—GRAY FINE SAND
WITH PHOSPHATES (SP)

LIGHT GRAY FINE SAND WITH SILT
(SP—sM)

LIGHT GRAY TO GREENISH—GRAY SILTY
TO CLAYEY FINE SAND WITH FHOSHPATES
(SC)(MARL)

LIGHT GRAY SILTY FINE SAND WITH
PHOSPHATES (SM)

BORING TERM. @ 100’
3" DIA. CASING TO 65’
BORING DRILLED 7-22-10




PIEZOCONE

BORING No. BB-5 BB—6
STATION: 253414 253414
OFFSET: 507 LT,
ELEVATION: +18.0'
+20 —
— LIGHT GRAYISH—BROWN FINE SAND
= - DARK GRAY TO DARK BROWN FINE B WITH ROOTS (5°)
= 7-15-10 SAND WITH SILT (SP—SM) ! BROWN TO DARK BROWN FINE SAND
= WITH SILT (SP—SM)
+10 GRAY FINE SAND WITH SILT (SP—SM)
- LIGHT GRAY CLAYEY FINE SAMD (SC)
o E-
— LIGHT GREENISH—GRAY FINE SAND
— WITH SILT (SP—5SM)
-0 -
_E [ | [ ] [ | [ | [ |
— LIGHT (GRA)V TO GREENISH—GRAY
= SAND (5P k .I: d
Zone of 20 - Up to 150 kips of measure
measured : E loss of resistance (relaxation
£ -0 -
| :  E f f0.8) "
relaxation : B actor of 0.8 |
G o Eo
L — LIGHT GREEMISH—GRAY SILTY FINE
- SAND (SM)
= LIGHT GRAY TO GREENISH—GRAY FINE
= SAND WITH SILT (SP—5M) LIGHT GREENISH—GRAY FINE SAND
- = WITH PHOSPHATES (SP)
= = LIGHT GRAY FINE SAND WITH SILT
= = LIGHT GRAY SILTY TO CLAYEY FINE (SP—sM)
— = SAND WITH PHOSPHATES (SC)(MARL)
— = LIGHT GRAY TO GREENISH—GRAY SILTY
E _: LIGHT GRAY TO CREEMISH—GRAY SILTY TO CLAYEY FINE SAND WITH FHOSHPATES
= 3 FINE SAND WITH PHOSPHATES (SCH{MARL)
= = (SM)(MARL)
= 3 . LIGHT GRAY SILTY FINE SAND WITH
— . PHOSPHATES (SM)
— SORING TERM. @ 100 33,9'*[‘“:\6 J,E?Mk;@%ﬂ'%?'-
= BC?RW[(];lA'DgltE:-:%G —,fT_G-;EAO BORING DRILLED 7-22—10
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PIEZOCONE

(%)
=

(%]
(o]

=
f==]

Depth (feet)

E=
o

(=
f==]

3>

wn
o

[=x}
[==1]

N\

-15

-10

5 0 5 10
Porewater Pressure (psi

15

20

25

==P\W pressure
—StaticPW

Tip Resistance Local Frictian Friction Ratio Soil Behavior Type®  SPTN°
Qe TSF FsTSF Fs/Qo (%) Zone: UBG-1683 60% Hammer
a 350 0 3 [ 5 o 12 70
o — -
S L h! g
<1 - R o
et 2 { i
o~ \ &
L &
5 . ! 3.
{ ! i
L y ) y
- \ [ i
- - ] B
e { it
= 5 i b
P < L L :
— < < i
= - Y ]
E |
P p
= |
{
). o
15 ¢ B
= | 1
| 2
. i o
H { E
)
Deptn 20 3 ¥ i j
(%) / 1§ \
— 3 {5 /
N ‘ ‘)
) o
L S - ¢
C > f |
N ¢ i
{ 4
t i
4 | +
=aE . p LR
B |
a0 - |
2L ; f
. ! i
—i &
I \ rb
8 ]
35 .
- H i
= -, i i
i s I
fs { | i
< t } 7
] by
<0

Maximum Depth = 33.28 fest Depth Increment = 0.164 feat
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At approximately 20mm/second

Y penetration rate (0.066 ft/second).

Pile velocity = 4 to 8 ft/sec.




PIEZOCONE

Porewater Pressure (psi)

0.8 et

—

=
] =—PW pressure
] N :
c ——StaticPW
=
a
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) 11 e 1
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PIEZOCONE
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25

30
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Porewater Pressure (psi)

——PW pressure
—Static PW

PIEZOCONE

Safety Hammer

BORING No.w BRY
STATIONs 207 +85
OFFSETS 50" L7,
ELEVATION: +22.0°
LATITIIDE ¥30.045/10
LONGITUDE » W81.508183

= TOPSOIL
fi205E TO MEDIUM DENSE DARK GRAY

LANG. DARK BROWN FINE SAND WiTH

iSIT, TRACE TO FEW SMALL ROOTS (SP-5H)

NSE CRAY FINE SAND WITH SHT (SP-5SM)

HGE CEMENTED REDDISH-LROWN SITY

%J' ) lil_"-ﬂ\_"f SAND (HAROPANI (SM)

e IMEDIUN DENSE GRAYISH-BROWN FINE SAND
a7 lWJTH SHT (5P-5i

22 EDIUYM DENSE GRAYISH-BROWN SILTY

INE SAND (SM)

MEDIUM DENSE TO VERY DENSE G.F?A.Y.'SH—
BROWN FINE SAND WITH SILT (SP—5M)

DENSE GRAY FINE SAND (5F)

+£5

+20

+H

+HO
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ELEWATION IN FEET
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——PW pressure

—Static PW

Depth
()

Tip Resistance Local Friction Friction Ratic Soil Behavior Type" SPTN®
Qe TSF FsTSF FsiQc (%) Zone: UBC-1883 B80% Hammer
400 o ] o 12 70
|| 1
i Essesss 3
: .

W1 sensitve fine grained

arganic materis|
clay

Mssximum Depth = 41.24 fast

M4 silty clay to clay
M5 clayey sit to silty clay
W& sandy silt to clayey sitt

Depth Increment = 0184 feat

M 7 silty sand to sandy silt

2
e

zand

sand to silty sand

W10 gravelly sand to sand
I 11 very stiff fine grained (*)
W12 sand to clayay sand (*)
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Normalized Pore Pressure (psi)

——PW pressure
—Static PW

1.2

PIEZOCONE

Dissipation Tests
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DILATANCY

*CPTs can be

ar (MPa) f. (MPa) u, (MPa)
u S e d to , 0 10 20 30 40 50 60 O a.lz 0:4 D:ﬁ u.‘s 1oo1 005 0 w5 01 [op
) : 'I \' : j % } N60
Lo 23 Residuum:
enetrate hard S R
p : : : : : 34 sand
1 1 | 1 r—
I I | I
m H st el 71
a te rI a S i Pl Saprolite
’ AR 34 (hard fine
. . E 6 - --Ir--:--;--i-— 56 sandy silt)
I n C u I n g i e
1 1 | 1 67
8-t v
1 1 | 1
a rt i a I I - I 50/6" Partially-
p y 10..717 o Weathered
! o 50/6" Rock
! o S0/ (gneiss)
weathered t
1 1 1
Dol TR so3n( |
1 1 1 | 1
rocks (Mayne N
y Figure 10. Piezocone results in saprolitic weathered rock and residuum of the Atlantic Piedmont
(courtesy of Golder Associates and Fugro Geosciences).

2010)
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DILATANCY

u1l (kPa) u2 (kPa)
0 500 1000 200 0 200 400
-IIIIJIIII- -IIlHllllll-
B 10y
B _ - € _

U i 1 [ |
u, = u, = shoulder 1 — 1 _l ]
———— | poraewater - E - -
pressure u=u,= L L -
(behind the tip). \V% Sldfica i | i |
=co rrecmd porewater L1 1 1 J | p 1 1 1 [ 111 ] L1l
tlp stress il ciognields

»221,;@,, ﬁa,ngy \ U2 position is required



DILATANCY

Corrections for Tip and Sleeve Readings

| d; = diameter geometry (as shown)
LY t; = thickness of friction sleeve

| u; = measured porewater pressure

q. = measured cone tip resistance

f; = measured sleeve friction

q; = total cone tip resistance

f, = total sleeve resistance

a, = tip net area ratio from triaxial test
by, = sleeve net ratio from triaxial test
hs = height of sleeve

Internal
Cone

Friction Sleeve

Sleeve Friction:
fi = f5 = (ndytu; + ndstyus)/(nd hg)

fy = fs - byup

Tip Resistance:

G = qc + (1-ap)u;

FIGURE 12 Determination of total cone tip resistance and total sleeve
friction (Jamiolkowski et al. 1985).

NCHRP Synthesis 368
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DILATANCY - SUMMARY

*Measured loss of pile resistance due to
relaxation in Florida sands

* Relaxation factors up to 0.8
*Use the piezocone during the preliminary

investigation to identify potential areas of
relaxation

*Construction requirements
*Set checks
* Minimum pile embedment
* VVerification testing
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PUNCHING SHEAR




Relative density of sond, O,

0.4 06
T T

Localsheor

Punching shear

Relative depih of foollng, Dy/8*

5 ] ! ! !

8% 8 for o squore or circulor footing
8%= 8L /2(8+L) for o rectongular footing

Figure C10.6.3.1.2b-1—Modes of Bearing Capacity Failure
for Footings in Sand
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PUNCHING SHEAR

SETTLEMENT

AVl

(b) LOCAL SHEAR

LOAD
2
E TEST AT
= GREATER
E DEPTH
(c) PUNCHING SHEAR HLLS L O

Figure 5-4: Modes of Bearing Capacity Failure (After Vesic. 1975)
(a) General Shear (b) Local Shear (¢) Punching Shear




PUNCHING SHEAR

*Characterized by g —=

vertical shear S g‘ j

around the

perimeter of the n -

footin ]
8 NV ol

accompanied by a o LocaL sk

vertical movement
and compression of
the soil below the
footing.

Figure 5-4: Modes of Bearing Capacity Failure (After Vesic. 1975)
(a) General Shear (b) Local Shear (¢) Punching Shear
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PUNCHING SHEAR

c*=0.67¢ (10.6.3.1.2b-1)
¢*=tan_1({].67 tan q)fj (10.6.3.1.2b-2)
where:

c* = reduced eftective stress soil cohesion for

punching shear (ksf)

®* = reduced effective stress soil friction angle for
punching shear (degrees)

Reduced shear strength in Nominal Bearing Resistance
calculation for Shallow Foundations (AASHTO)
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PUNCHING SHEAR

Two-Way Action - Punching Shear

. stles

Pile Cap
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PUNCHING SHEAR

Two-way action without transverse reinforcement

0.126

v = (0.{153 + ; ] £ b,d, <0.126[f b,d,

Two-way action with transverse reinforcement

V,=V,+V, <0.192,[f bd,
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PUNCHING SHEAR

0.0 ASPHALT (12") i
10 5 VERY DENSE BROWN SILTY FINE SAND WITH SOME LIMEROCK (FILL, GM ]
[ 56 -
4.0l 55— DENSE TO MEDIUM DENSE SROWN TO DARK BROWN SLIGHTLY ORGANIC SILTY FINE SAND WITH TRACES OF LIMEROCK, SW
I 6.5'—7.5's W.C.=29; 0.0.=2%; »200=I8% 4
2 8.01 o
LIGHT BROWN POROUS LIMESTONE AND CALCAREOUS FINE SAND .
—-0
VERY LOOSE TO MEDIUM DENSE BROWN FINE SAND, SP .
—_ =20 g
320 2
n (=
L
—-30 -
VERY LOOSE BROWN TO LIGHT BROWN FINE SAND, SP ] S
—-40 @
53.0F ]
| %o LIGHT BROWN PORDUS LIMESTONE AND CALCAREQUS FINE SAND :
—200/2" -0
— 200/5 .
168 :
66.0 %!
: :; LOOSE BROWN FINE SAND, SP -0
73.0} s
b, T
e WEDIUM DENSE BROWN SILTY FINE SAND WITH SOME LIMESTONE LENSES, GM —-70
B
s 40 i
| -
89.0[r =18 —-g0
— 297./19" .
L 200/4 -
- % BROWN POROUS LIMESTONE AND CALCAREOUS FINE SAND ]
1 /3" _
iy 0 5 20 _gg
20— 270 VERTICAL SCALE: o
—— S—
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PUNCHING SHEAR

Pile 1, File Set 1
Centerling of Pile Cap Elements oo
“‘g&il Set 1 Layer 1 @=32 Gamma=108.564
-10.0 !
-15.0 Soil Set 1 Layer 2 #=35 Gamma=119.232
Soil Set 1 Layd W EA K
-45.0
=14 STRONG :
550 IE -50.0
-53.0 W
A
T
|
o)
M
Soil Set 1 Lawyi WEAK -
f
t
-75.0
Soil Set 1 Layer 6 #=35 Gamma=120
-100.0
Az Global Axes
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PUNCHING SHEAR

E } Enough to support the group??




PUNCHING SHEAR

Cracking of the rock mass during pile
} driving may result in an increased
probability of punching
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PUNCHING SHEAR

,/ Ind‘(duol isobars | r.r;/' (OvZ)ca—isoScr \
/ \
’ \
/
| 02) gy~ :sogu
I 1 |
Dyeg=ll S5)8 |l | ,
\ |
\ } Combined
\ : (0,2)00-50001/
\ . /
\
\ ' /
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\\ . 7
\\ >
>
, T I

Figure 6. Closely spaced isobars merge into one isobar of the same intensity but reaching far deeper
than the individual isobars.
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66.0

73.0F

89.0
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B

— 297 /18"
— 200/4""

— 74

270
R

ASPHALT (12"")
VERY DENSE BROWN SILTY FINE SAND WITH SOME LIMEROCK (FILLI, GM

DENSE TO MEDIUM DENSE BROWN TO DARK BROWN SLIGHTLY ORGANIC SILTY FINE SAND WITH TRACES OF LIMEROCK, SM
6.5'=7.5"s W.C.=29%; 0.0,=24; d200=184

LIGHT BROWN FOROUS LIMESTONE AND CALCAREQUS FINE SAND

VERY LOOSE TO MEDWM DENSE BROWN FINE SAND, 5P

VERY LOOSE BROWN TO LIGHT BROWN FINE SAND; 5P

LIGHT BROWN POROUS LIMESTON

€

LOOSE BROWN FINE SAND, SP

2 WEDIUM DENSE BROWN SILTY F

If minimum tip is satisfied at this
elevation and production piles have
attained capacity in accordance with
the Specification, punching shear
analysis may be required.
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PUNCHING SHEAR

g
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ASPHALT (12"}

Estimates of lateral resistance through
Dilatometer or Pressuremeter
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PUNCHING SHEAR

* Rough estimates of rock (Limestone)
shear strength based on SPT blow count
efsu=0.1*N (tsf) where fs < 5.0

e Laboratory results on rock core samples
will provide more accurate estimates

*fsu = 0.5 Vqu Vgt REC

2012
PPesign Training

CX?&’



PUNCHING SHEAR

A

Probable failure zone
for sound material Assumed failure zone
\ v for cracked material

/ (perimeter of pile
group)




PUNCHING SHEAR
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PUNCHING SHEAR

e Shear area

i Ul Y

S

(2*h*B’) +
(2*h*L)
2h(B’+L)
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PUNCHING SHEAR

* Minimum
thickness below

piles
h=Q/[2(B’+L’)¢fsul]

Q = Factored load on
the group, transferred
to pile tip
Phi=0.5-0.65
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PUNCHING SHEAR

*Contribution
from the soil
below the
rock?

*Contribution
from the cap?

*SETTLEMENT
OF ROCK LAYER

ASPHALT 1i2"")
VERY DENSE BROWN SILTY FINE SAND WITH SOME LIMEROCK (FILL), GM

0 6.5'-7.5" W.C.=29x; 0.C.=24; >200=18%

2
[ LIGHT EROWN PORQUS LWESTONE AND CALCAREQUS FINE SAMD

VERY LOOSE TQ MEDWM DENSE BROWN FINE SAND, SP

[~/
C[TWH VERr LODSE BROWN TO LIGHT BROWK FINE SAND, SP

VERTICAL SCALE:
I—

DENSE TQ MEDNNM DENSE BROWN TO DARK BROWN SLIGHTLY ORGANIC SILTY FINE SAND WITH TRACES OF LIMEROCK, SM

05 20
—J—

ELEVATION, FT (NGVD)
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PUNCHING SHEAR

File 1, Pile Set 1

=100

Centerling of Pile Cap Elements
"-”\"““gﬁil Set 1 Layer | @=32 Gamima=108 864
A

11

-15.0

Soil Set 1 Layer 2 #=35 Gamma=119.232

Non-linear springs

-43.0

Soil Set 1 Layer 4 #=35 Gamma=121

‘f’w‘n.&ﬁ

CX?&

-55.0
-53.0
Soil Set 1 Layer 5 #=35 Gamma=113.232 ' ' ' ' m
-75.0
Soil Set 1 Layer 6 #=35 Gamma=120
-1z00

Eo— =M m

i -

-50.0

*Is the layer flexible enough
to deflect without
breaking??

*|s the settlement required
to mobilize bearing
acceptable??

Global Axes
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Pile 1, File Set 1
Centerling of Pile Cap Elements oo
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PUNCHING SHEAR - SUMMARY

*“Floating” rock layers - Perform the
analysis when piles tip near the bottom
of the rock

*lgnore contribution of underlying soil
unless a more advanced analysis is
available (e.g., finite element) and the
anticipated settlement is acceptable




PUNCHING SHEAR - SUMMARY

*Implement re-strikes to check on
excessive rock fracturing due to
adjacent pile installation
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*Questions?
erodrigo.herrera@dot.state.fl.us
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